Suitable assay conditions for the detection of cytosolic protein-tyrosine kinase activities in crude extracts of various rat tissues have been determined. Cytosolic protein-tyrosine kinases showed common characteristics including substrate specificity and divalent cation requirement. Using (VaP) angiotensin 11 and Mn 2 + rather than a src-related synthetic peptide, E11Gl, and Mg2+ , we obtained higher activities of cytosolic protein-tyrosine kinases. Among various rat tissues tested, spleen, bone marrow, thymus, small intestine, appendix and lung, in decreasing order of total activity, contained high activities of cytosolic protein-tyrosine kinases. These results suggest that the enzyme activities in lymphatic organs and in organs closely related to cell proliferation are high. The assay system described allows the precise measurement of cytosolic protein-tyrosine kinase activity in various rat tissues, both normal and malignant.
Protein-tyrosine kinase activity was found to be associated with transforming gene products of certain viruses as well as receptors for several mitogenic polypeptides. 16 These enzymes, therefore, are believed to be involved in transformation and proliferation of cells. In fact, there is an accumulation of evidence that in some human malignant disorders including neuroblastoma, rhabdomyosarcoma, osteogenic sarcoma, colon carcinoma and chronic myelogenous leukemia, the activity of protein-tyrosine kinase is increased." 10 It is interesting to note that many of the protein-tyrosine kinases, including oncogene products and receptors for growth factors, are associated with plasma membranes or particulate fractions. liOn the other hand, since the discovery of cytosolic protein-tyrosine kinases, 12 .IJ this class of enzymes has been identified from soluble fractions in rat liver, 14 human platelets, 15.16 bovine thymus!' and porcine spleen" and shown to be distinct from other membrane-associated protein-tyrosine kinases. The importance ofcytosolic protein-tyrosine kinases in carcinogenesis has been suggested in some malignant disorders. 19.20 It is possible that the cytosolic and membraneassociated enzymes may be involved in carcinogenesis. At the beginning of this study, we established a relatively specific assay system for cytosolie protein-tyrosine kinases and studied the Correspondence: Dr H Yamamura.
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distribution of the enzymes in various rat tissues. A possible diagnostic use for the assay in some human malignant disorders is briefly discussed.
Experimental procedures

MATERIALS
(},_J2P) ATP was purchased from ICN Radiochemicals. (VaP) Angiotensin II was obtained from Sigma Chemical Co Ltd. E11G 1 (Glu-Asp-Ala-GI u-Tyr-Ala-Ala-Arg-Arg-Arg-Gly), having an amino acid sequence similar to that of the tyrosine phosphorylation site of pp60"', was kindly provided by Dr Hiroki Kondo, Nagasaki University, Japan. Nonidet P-40 was obtained from Nakarai Chemicals. Phosphocellulose paper (p81) was obtained from Whatman.
PREPARATION OF TISSUE EXTRACTS
Male rats (lOw) were killed and the tissues washed with 0·15 M NaCl. These were then cut into small pieces in 5 volumes of buffer A (50 mM Tris-HCl, pH 7,5, 2 mM MgCh, ImM EDTA and 1% trasylol) and homogenized twice for 40 s at full speed using an Ultra-Turrax homogenizer (Yamato, Japan). The homogenates were centrifuged at 1000 g for 10 min to remove the nuclear fraction and unbroken cells. The supernatant fluids were then centrifuged at 100000 g for 60 min to prepare cytosolic and particulate fractions. 
Results
To establish appropriate assay conditions for cytosolic protein-tyrosine kinases, we first studied the divalent cation requirement for the expression of enzyme activities. As shown in Fig. I , both Mg2+ and Mn 2+ were suitable for the measurement of cytosolic and membrane-associated enzymes of rat spleen. For the cytosolic enzyme Mn2+ was preferred; but for the particulate enzyme Mg2+ was better than Mn 2'. We observed the effect of divalent cations on enzymes from both sources in various rat tissues in the presence of 50 mM Mg2 ' or 5 mMMn 2+. As shown in Fig. 2 , in the case of particulate enzymes high kinase activities were obtained in the presence of 50 mM Mg2+, but in the cytosolic enzymes higher activities were obtained in the presence of 5 mM
. 
Discussion
substrate for cytosolic enzymes in the tissues tested except appendix. On the other hand, under the same conditions particulate enzymes phosphorylated E1lG I about 2-3 fold more efficiently than (YaP) angiotensin II. By measuring the phosphorylation of (YaP) angiotensin II with Mn 2 + as a divalent cation, we could detect cytosolic protein-tyrosine kinase activities more precisely and thus better study the distribution of this class of enzymes. As shown in Table 2 , spleen and bone marrow contained very high activities of cytosolic protein-tyrosine kinases. Thymus, small intestine, appendix and lung also contained high activities of cytosolic enzymes. In other tissues including kidney, testis, colon, heart, oesophagus and adipose tissues, cytosolic protein-tyrosine kinase activities were too low to detect. In these tissues, however, using phosphocellulose eluate fractions" as a source of the cytosolic enzyme, there was significant activity (data not shown). Preliminary experiments suggested that the majority of cytosolic enzyme activity of the small intestine was located in the epithelial cells (data not shown). This suggests that cytosolic protein-tyrosine kinase activities are very high in lymphatic organs such as spleen, thymus and appendix and in organs closely related to cell proliferation such as bone marrow and small intestine.
We measured cytosolic protein-tyrosine kinase activities in various rat tissues using synthetic peptides as substrates. Among a variety of tissues treated, spleen and bone marrow had very high cytosolic protein-tyrosine kinase activities. Thymus, small intestine and appendix had rather high enzyme activities. This distribution suggests that cytosolic protein-tyrosine kinases are rich in Mn H . The tendency for the higher activity with Mn 2 + was more marked when phosphocellulose eluate fractions were used!" as a source of cytosolie protein-tyrosine kinases (data not shown).
These results indicate that cytosolic proteintyrosine kinases obtained from various tissue extracts possess common characteristics which are distinct from those of membrane-associated enzymes.
Further experiments were performed to study substrate specificities of cytosolic and membraneassociated protein-tyrosine kinases of rat spleen. As shown in Fig. 3 , for a cytosolic enzyme (YaP) angiotensin 11 was a better substrate than ElIG I. On the other hand, a particulate enzyme phosphorylated Ell G, more efficiently than (YaP) angiotensin II under the same conditions. To see whether this tendency for substrate specificity of cytosolic and particulate protein-tyrosine kinases is applicable to those in other tissues, we measured their activities in various rat tissues using (YaP) angiotensin 11 or EIlG I. As shown in Table  I , (VaP) angiotensin II was a slightly better I7±I·4  I6±I·3  1·1  50±2  I50±33  0·33  Thymus  I8± 1·0  I8±0·8  1·0  131 ±4  322±29  0-41  Small intestine  6·8±0·7  4·6±0·I  1·5  20±2  42±8  0-48  Appendix  I·6±0·1  3·1±O·I  0·5  30±4  29±4  1·0  Lung  I·2±0·3  I·I±O·I  1·1  82±5  207± 16  0·40 $ Mean±SEM, n=3-7. 0·71  3·3  0·2  1·8  0·78  0·16  0·14  0·31 lymphatic organs, omnipotent haematopoietic cells and intestinal epithelial cells which may be characterised as proliferative cells. The distribution of particulate protein-tyrosine kinases in normal rat tissues was previously reported by Swarup et al." These workers also described the assay of soluble enzyme activities in various rat tissues, using E1,G, and M g2+ , which we found to be more specific for particulate enzymes (Figs. 1-3 , Table I ). The distribution and the specific activity of cytosolic enzymes in the present study are different from those of Swarup et al," One of the possible explanations for the discrepancies could rest with the different centrifugation conditions employed. Swarup and his coworkers used crude supernatant obtained from the centrifugation at 30 000 g for 30 min for their soluble enzyme sources. Under these conditions the least dense membrane fragments seem to sediment incompletely. To avoid the possibility of such contamination and thus measure cytosolic protein-tyrosine kinase activities more precisely, we centrifuged at 100 000 g for 60 min. In the extract thus obtained, the activities of cytosolic protein-tyrosine kinases varied with the assay conditions used. With (VaP) angiotensin II and Mn 2 + rather than E11G, and Mg2+ , we could obtain higher enzyme activities.
In the present studies we were unable to determine whether cytosolic protein-tyrosine kinase activities prepared from the various rat tissues were attributable to one enzyme or several. If several, cytosolic protein-tyrosine kinases may share certain common characteristics including substrate specificity and divalent cation requirement.
There is also evidence to suggest that an elevated level of cytosolic protein-tyrosine kinase activity is detected in medullary thyroid carci-noma and in the sera from patients with malignant melanoma.P" Establishment of assay conditions which are specific for the measurement of cytosolic protein-tyrosine kinase activities in crude extracts may provide a powerful tool for the diagnosis of certain human malignant disorders.
